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BETSY J. STOVER (Introduced by T. F. Dougherty) 
Radiobiology Laboratory, University of Utah, Salt Lake City  

Interest in metabolism of Pb212(ThB) de- 
veloped from studies of chronic toxicities of 
Th2*8 ( RdTh) and Ra22Y (MsTh) in adult 
beagle dogs. In  decay of these isotopes the 
inert gas thoron (Em22o) is formed, and, when 
decay occurs in vivo, a significant fraction of 
Em2*0 reaches the blood. Part is transported 
to the lungs and exhaled( 1) ; the remainder 
decays to give Pb212. Some Pb212 leaves the 
blood, but a significant amount binds to red 
cells to maintain a high concentration (rela- 
tive to other activities in blood). For dosi- 
metric purposes we need to know what frac- 
tion of EmzZo decays in blood. This can be 
determined from measurements of Pb2I2 in 
blood, if we have a knowledge of Pb"? me- 
tabolism. There is an abundant literature on 
lead metabolism, but it relates mainly to chem- 
ical toxicity of lead, and includes only a lim- 
ited number of studies in which carrier-free 
tracers were used. The affinity of red cells 
for tracer amounts of lead was reported as 
early as 1927(2) and the literature includes 
studies with rats (3) rabbits (4) and humans 

Methods. Two healthy young male adult 
beagle dogs from a large, well controlled col- 
ony were used. In Experiment A they re- 
ceived Pb212 by intravenous injection; in By 
blood was drawn from each dog, tagged with 
Pb212 and reinjected into the dog from which 
it was drawn. Pb"12 occurs in the Th2"8 
decay chain and can be separated in high 
purity *by de-emanation. 

( 5 )  * 

*Supported by U. S. Atomic Energy Comm. 

a a  
T h W A , R a m a E m 2 2 0 -  + 

1.9yr 3.64d 54.5 s 

pbn2 8) Y ,Bi!X-" , Q\ p b z m  
10.6 hr 60.5 m 

Air is bubbled through 1 to 2 ml TKL28 solu- 
tion in a small culture tube. The inert gas 
Emzzo is carried by the effluent air through a 
short length of capillary tubing into a 1 L. 
flask. There it decays to Pb2I2 which deposits 
on the flask walls. As shown by Evans( 6) ,  a 
good yield of Pb2l2 is obtained if volume of 
the ThTL8 container plus connecting tubing 
(V,) is small compared with the receiving 
flask (VQ), and if the air flow rate is such 
that V1 is displaced in a time short compared 
with the half-period of Emyzo (54.5 sec), but 
displacement of V2 requires several half-peri- 
ods. To prepare the injection solution for 
Exp. A, the flask was rinsed with 50 ml citric 
acid-sodium citrate buffer, pH = 3.5 and total 
citrate 0.08 M. In B, Em**() was bubbled 
through 10 ml heparinized blood for 1 hour, 
followed by 30 minutes incubation at 37°C. 
Since Pb212 was determined by gamma meas- 
urement, no chemical concentration or ashing 
of samples was necessary. Blood cell, plasma, 
and urine samples were measured in a well 
type liquid scintillation counter ; the whole 
dog counter ( 7 )  was used for in vivo retention 
and feces measurements. In ,both cases sam- 
ple radioactivity was compared with that of 
an aliquot of the injection standard. (This 
procedure automatically corrects for radioac- 
tive decay.) Each sample was measured over 
a period of time sufficient to demon- 
strate Pb212 - Bi"? equilibrium. 
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K(>strZts. Hloorl cells and plasn~a werc 
measured separately. and in all blood sample.; 
98% or more of the I'b"'" w a s  in the cellular 
fraction. Average values of I'b"'" concentra- 
tion in blood during 30 hours after injection 
(3 T'b212 half periods) are shown in Fig. 1.  
('urve A illustrates the initial rapid rise i n  
concentration and subsequent gradual de- 
crease after intravenous injection of Pb"'" in 
citrate solution. Curve R shows the gradual 
decrease i n  concentration which follows rein- 
jection of blood which had been tagged with 
i'b212 . (Data were corrected for m a l l  amount 
of T'b"2 in plasma.) The decreasing portion 
o f  curve A parallels curve B, and each can be 
described by a single exponential (CA and C1(. 
Table I).  Equations were calculated by 
method of least square using data for each 
dog and for both dogs. A biological half pe- 
riod of 37  hours for PV12 in blood cells k 
calculated from and Cx13, which. when coni- 
bined with the physical half period (10.6 
hours), gives a n  effective half period of 8.2 
hours. 

Excretion and it? c~lizlo retention measure- 
ments are sumniarized in Table I. The 24 
hour retention value of 91c/c agrees well with 

t Volume of packed red cells was close to 0.50; 
hence, Pb-"I? concentration in rclls is twice that in 
I)lontl. 

''? I30t l l  clogs. 

the 96% calcuiated from excretion. We meas- 
ured an excess of over I'b"'" in urine in 
amount such that in vivo retention is esti- 
mated to be 1 to 2y0 low, while retention de- 
termined from excretion is more likely to be 
high. The two 30 hour excretion values also 
agree well. Predominance of urinary over 
fecal excretion is of limited significance, for 
the half period of Pb2I2 is short compared 
with lag in fecal excretion. Values (5.1 and 
3 . 5 )  shown in Table I are therefore not rep- 
resentative of beagle lead excretion in gen- 
eral, and describe only excretion of short 
lived Pb-"I2. 

When blood cells are tagged 
in vitro and then reinjected, blood cell Pb2I2 
decreases continuously with time, but when 
Pb212 is injected into the blood, Pb212 in cells 
increases to a maximum (which is % of the 
tagged cell value a t  that time), then decreases 

Discussion. 



at the same rate (Fig. 1 ) .  To explain this. 
let us consider blood cells (BC) , blood plasma 
(Pl) , and 2 extravascular compartments (EVI 
and EVII), the second of which includes es- 
cretion. which are related as follows: 

1 3 5 

2 4  6 
BC P1 EVI EVII  

That blood cells have a much greater affinity 
for lead than does plasma is demonstrated by 
the fact that introduction of tracer amounts of 
lead into whole blood results in 98% or more 
in the cellular fraction. Schubert and White 
(3) have shown that the number of cellular 
binding sites for lead atoms is limited, but 
that the limit is reached only when mg 
amounts of lead are used. Immediately after 
injection of Pb213, concentration in P1 is high 
and Pb*12 diffuses into EVI and binds to BC 
(paths 1 and 3) .  Depletion of P1 leads to a 
reversal of the concentration gradient between 
PI and EVI very soon after injection, and, 
since transfer between P1 and EVI is rapid, 
Pb2l2 returns from EVI to P1 where it is again 
available to BC, and Pb212 in BC continues to 
increase. At  the same time Pb212 is also mov- 
ing from EVI to EVII. This 2-way depletion 
of EVI continues until the concentration gra- 
dient between EVI and P1 reverses again. At 
the time of this second reversal Pb212 in BC 
has reached its maximum value (65%), it is 
low in Pl and EVT, and the remaining 35% 
is mainly in EVIL In Fig. 1, this time corre- 
sponds to the maximum in A; thereafter, both 
A and B represent slow transfer of Pb212 from 
BC to EVII along paths 2,  3, and 5. Since the 
observed biological half-life for PbZ1’” in cells 
(37 hours) is long compared with the physical 
half-life, slow return on path 6 can be neg- 
lected (which permits inclusion of excretion 
in EVII). 

From the intercept of B in Fig. 1 and blood 
specific gravity = 1.06, blood volume is cal- 
culated to be 104 ml blood/kg. Parkinson 
and Dougherty(8) determined red cell and 
plasma volumes simultaneously, using W1 
tagged red cells and T1:{l tagged human albu- 
min, for 2 1  normal clogs from the same col- 
ony. They found an average blood V O ~ U I I I ~  ( ~ f  
04.4 (-t 16.6) ml/kg. Our 1’b2l2 tagged cell 
value lies within one standard deviation of 

their more accurately determined value. 
Using the longer lived isotope Pb210 Schu- 

bert and White(3) found a half period for 
Pb*“O in rat blood cells of 30 hours, which is 
close to our dog value of 37 hours. Following 
intravenous injection of carrier-free Pb210 
they report a maximum of 10% in rat blood 
cells a t  25 minutes in contrast with the maxi- 
mum dog value of 65%. 

Hevesy and Nylin( 5) used Pb212 to deter- 
mine blood volumes in humans. They report 
a loss of Pb2I2 from blood cells of less than 
476 per hour, from which we calculate 17 
hours as a minimum value for the biological 
half-life of Pb2I2 in human blood cells. 

Tn decay of Pb”” to stable Pb208 there are 
2 beta and one alpha disintegrations plus ac- 
companying gamma radiation. Total energy 
is 10.1 Mev (8.0 Mev U, 0.83 Mev ,f3, and 1.3 
Mev y ) .  In complete decay of 1 pc Pb212 
plus daughters, total alpha energy is 2.6 x lo4 
ergs. How is this energy divided among 
blood, remainder of dog, and excreta? 

First, we must consider radioactive equilib- 
rium for we observed an excess of Bi212 over 
Pb212 in some urine samples representling 1 to 
2 %  of the total BF’. In  measuring Pb2I2 in 
blood cells, there is a lapse of about 20 min- 
utes from time blood is drawn to time of the 
first count, Within this limitation we observed 
no disequilibrium, and assumption of radio- 
active equilibrium probably *introduces only a 
small error. .4ssuming equilibrium, alpha ra- 
diation dose to blood for experiments A and 
I3 can be calculated using the equations for 
Ca and Cu (Table I ) .  (In using Ca for Exp. 
-4. we overestimate during the initial period 
when Pb2I2 in cells is increasing, but calcula- 
tion shows this error to be only 2 to 376.) 
When Pb”? is injected intravenously, alpha 

8.0 x 1.6 x 1W x 3.700 x 10-4 
x 60 x 60 x A 

100 
dose to blood is 
I’ v 

I 5.88 x 10 * e-.”s41‘ d t  = .I2 A rads, where 

t is in hours and A - pc Vb2l2 injected. The  
iraction of atoms which decay in l ) loot l  

(It = 

*L 
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.52. In the tagged cell experiment, alpha dose 
to blood per pc is .IS rad, and fraction 
of Pb“’” atoriis which decay in blood is .78. 

At 30 hours PWl2 in escreta is about 67; 
of the total F’b”‘” a t  that time. 11ost of the 
excretion takes place 1 to 3 half periods after 
injection. so that the actual amount of PW12 
which decays outside the dog ( i . c . ,  in excreta) 
is only 1 to 2% of the amount originally in- 
jected. Thus our error will lie small i f  we 
use the simplifying assumption that all Pb212 
decays inside the dog. Hence. in summary. 
when blood cells are tagged with and 
injected into the dog. about 4 5 of the alpha 
energy is delivered to hlood and I 5 to the 
remainder of the dog. \\-hen 1’h212 is injected 
intravenously. half decays i n  blood and half 
in the rest of the dog. Jt follows then. that 
when thoron decays in blood. half the result- 
ing 1Wl2 can be expected to decay in hlood 
and half elsewhere in the dog, ‘Therefore. with 
information gained from these esperimentr, 
we will be able to calculate the aniount of 
thoroii which decays in blood i f  we k n o ~  
JWt2 concentration in hlood and total hlood 
volume. 

Suininarj1. Beagle metabolism oi short- 
lived J’bL’12 has been studied following intra- 
venous injection, and after transfusion of 
blood cells tagged with 1 ’ 1 ~ ~ ’ ~  in v i fro.  ?‘he 
latter proved to be a satisfactor!. method to  

determine blood volume. When Pb212 was 
given intravenously, in vivo tagging of blood 
cells occurred. A maximum of 65% of the 
activity in cells was reached a t  2 to 3 hours 
after injection, then Pb2I2 in blood cells de- 
creased with a biological t l h  = 37 hours and 
a11 effective t,,,; = 8.2 hours. The same de- 
crease occurred after injection of in vitro 
tagged cells. In both experiments essentially 
all I’b“’“ decayed inside the dog. Half de- 
cayed in blood in the in vivo tagging experi- 
ment: 4 ’ 5  decayed in blood when tagging was 
done in zlitro. 

The author acknowledges assistance of D. K. 
.4thcrton, N. Kcller, and R. I,. Flo>.d. 

1. Mays, C. \V., Haldin, R.,  \‘an nilla, M. A., Rad.  

2. Rchrcns, B., Pachur, R., ,4rch. Exp.  Path.  u. 

3 .  Schuhert, J., White, M. R., J .  Lab. Clin. N e d . ,  

4. Kcddi, K.  K., Arkiv.  Keiiii, 195.3, v6, 147. 
5 .  Hevcsy, G., Nylin, G., Circdation RPS.,  195.3, 

6. Aub, j. C., Evans, R. D., Hempelmann, I,. H., 

7 .  \’an Ililla, M. .4., Schuch, R. L., Anderson, E. C., 

S. Parkinson, John E., Dougherty, Jean H., PROC. 

l?vs., 1958, 79, 438. 

P h w i a k o l . ,  1927, v122, 319. 

lo.<?, v.39, 260. 

- \ . I ,  102. 

JInrtland, H. S., Medicine, 1952, v31, 221.  

.I i d c o i z k < ,  1954, v12, 22.  

5c;c.. E w .  HIOL. AXD MED., 1958, -v-97, 722. 

Rccei\-cd October 31, 19.58. P.S.E.B.M., 1959, v100. 

Isolation of Asian Virus from Extrapulmonary Tissues in Fatal Human 
Influenza.’+ (24597) 

MASARO KAJI,$ ROBERT OSEASOHN, ~VILLIAM S. JORDAN, JR. AND JOHN H. DINGLE 
Depts. of PrPveiztioe I l l e d i h e  and Medicitie, School of Medicitzc, Wcstern Reserve University, and 

I~iiiversit y Ho.rpifa1.s. Cleveland, 0. 

Thirty -t hree influenza-associa ted deaths 
were observed in greater (’leveland during the 
1957 pandemic of Asian influenza. Asian vi- 
rus was isolated from lung or trachea in 25 of 
the 33, and from extrapulmonary tissues in 3 
of the 2 5  respiratory tract-lmitive cases. Al- 

* This investigation was conducted under sponsor- 
ship of Comm. on Acute Respiratory Diseases, Armed 
Forces Epidemiological Board, supported in part hy 
Office of Surgeon General, Dept. of Army, and the 

Brush Fn., Rohcrt Hamilton Bishop, Jr. Endowment 
Fund, and Republic Steel Corp. 
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oi facilities, and to Dr. F. W, Denny, Jr. and D. A. 
Stevens for their assistance. 
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